were neutralized with 1% acetic acid, thoroughly washed with distilled water, and air-dried on glass plates, then dried at 105" for 12 hrs and weighed. These procedures were done in triplicate for each culture medium and three BC yields were averaged.
The yields of BC were expressed as relative weight percentages, which were calculated by following equation.
BC yield (%) = (A/B) x 100, where B is the dry weight (mg) of BC produced in 30 ml of HS medium under static condition, and A is the dry weight (mg) of BC in the culture medium with different compositions.
Analyses of sugar cane molasses
The SCM was supplied by Mit Phol Sugar Industrial, Kumpheangpet, Thailand, and it was stored in frozen state. The sugars contained in SCM were analysed using high performance liquid chromatography (HPLC) system (Agilent 1100, Agilent Technologies Co.). The SCM (dry-weight base) was dissolved in deinonized water (1 : 50, w/v), and then the solution was filtered through 0.45 µm filter (millipore). Subsequently, 20 µl of sample solution was loaded onto HPLC column (ZORBAX Carbohydrate Analysis Column, 4.6 mmφ x 150 mm, particle size 5 µm, Agilent Technologies Co.), using a refractive index detector (HP 1100 RID) at 30". The mobile phase was the mixed solvents of acetonitrile and water (75 : 25 v/v), which was flowed at the rate of 2.0ml/ min.
Separation of black color substance
SCM of 100 g was dissolved in 100 ml of deionized water and followed by centrifugation (Sorvall RC5C Plus) at c.a. 12,000 x g for 20 min to remove the insoluble solids. The supernatant was collected by decantation and subjected to the following separation. The polymeric adsorbent resin (Amberlite XAD-4, ROHM and HAAS Thailand Co.) was rinsed with deionized water until the conductivity of the rinsed water was lower than 100 µΩ −1 23! . The resin (80 cm of bed height) was packed in a glass column (25 mmφx 100 cm), and subsequently washed with 500 ml of deionized water. The resin in the column was stood overnight at room temperature. The supernatant mentioned above was loaded onto the column and eluted at the rate of 5 ml/min. The eluted solution was collected, then freeze-dried and weighed. The resulting substance was called as "treated molasses". The black color substance (BCS) of SCM absorbed on the resin was recovered by elution with 500 ml of methanol/H2O (1 : 1 v/v) at the rate of 5.0 ml/min, and then freeze-dried and weighed.
Results and Discussion

Comparison of BC production in HS medium with different carbon sources
One gram (wet weight) of SCM was dried overnight at 105" to give 0.7287 g (dry weight). It has been reported 20! that the SCM consisted of 35% sucrose, 7%
fructose and 9% glucose based on the dry weight, but these values might be varied depending on the raw materials and the process of each industry. The sugar analysis of SCM in this experiment indicated that the major sugar components were 35 % sucrose, 10% fructose and 7% glucose. Addition of sucrose, fructose and glucose into the HSM medium was determined based on the above sugar analysis data, namely the 7% SCM consisted of 2.45% sucrose, 0.7 % fructose and 0.49% glucose. The previous work 21! demonstrated that large BC yields can be obtained by A. xylinum ATCC 10245 in HSM medium using 7% SCM as a carbon source. It is interested that 7% SCM contained only 0.49% glucose, which is 4 times lower than that of HS medium (2% glucose). To clarify the essential ingredients of SCM for promoting BC production, 2.45% sucrose, 0.7% fructose and 0.45% glucose were used as the carbon source in place of 7% of SCM in HSM medium.
The carbon source (2% glucose) in HS medium was replaced with the other sugars (Fig.1) . The average weight of BC produced in the HS medium was 32.8mg. In the culture media with single sugar such as HS medium with 2.45% sucrose (HSS medium), HS medium with 0.7% fructose (HSF medium) and HS medium with 0.45% glucose (HSG medium), A. xylinum produced lower BC yields (77%, 75% and 90%, respectively) than that in the HS standard medium. On the other hand, it was observed that the culture media with mixed sugars, such as HS medium with 2.45% sucrose and 0.7% fructose (HSSF medium), HS medium with 2.45% sucrose and 0.45% glucose (HSSG medium), HS medium with 0.45% glucose and 0.7% fructose (HSGF medium) and HS medium with 2.45% sucrose, 0.7% fructose and 0.45% glucose (HSSGF medium) gave higher BC yields (179%, 156%, 120% and 123%, respectively) than those obtained in the media with single carbon source and HS medium. The highest BC yields (179%) was obtained in the medium containing mixture of sucrose (2.45%) and fructose (0.7%), whose ratio is 3.5 : 1.
The ratio of sucrose and fructose was fixed at 3.5 : 1, and concentration of sugar mixtures was varied. At low concentration of sugar mixtures, the BC yields increased according to the increase in sugar concentration. However, BC yields were gradually decreased in the high sugar concentration (Fig.2) . The highest BC yield (179%) was achieved in the media with 2.45% sucrose and 0.7% fructose. Sugar concentration in the culture medium was found to positively effect on the BC production and the growth of A. acetigenum and other Acetobacter strains 24! . Some Acetobacter strains have an ability to produce large quantities of BC when sucrose is used as a sole carbon source 13, 25−27! , but A. acetigenum and some Acetobacter strains were found to be unable to metabolize sucrose sufficiently 28! . Recently, we also found that sucrose in SCM was not a major component for enhancing cellulose production of A. xylinum ATCC 10245 21! . However, the results presented here show that the mixture of 2.45% sucrose and 0.7% fructose give the highest cellulose yield (179%). Although it is not equivalent to the cellulose yield producing in HSM medium (223%) (Fig.1) , SCM is composed of not only the sugars but also the following other compounds ; amino acids, vitamins, carbohydrates, minerals, non-nitrogenous acid, and nucleic acids etc. Effects of these compounds on BC production were respectively examined.
Effects of amino acids on BC production
SCM contains various amino acids, such as alanine 0.22 mg/g, r-aminobutyric acid 0.08 mg/g, aspartic acid 1.65 mg/g, glutamic acid 1.04 mg/g, glycine 0.07 mg/g, leucine 0.05 mg/g, lysine 0.07 mg/g, serine 0.80 mg/g, threonine 0.90 mg/g and valine 0.20 mg/g 20! . These amino acids were added in the same proportion mentioned above into the HS medium or the modified HS media, then the BC yields were examined. Addition of amino acids into culture media did not stimulate BC production except HSS, HSSF and HSGF media which slightly increased the BC yields to 21%, 14% and 6%, respectively ( Table 1) . It was reported that methionine and glutamic acid could stimulate the cell growth and BC production by A. acetigenum and other Acetobacter strains 24, 29! , but Acetobacter A9 did not increase the cell growth and BC production when the amino acids were added into the medium 30! . These results indicate that effects of amino acids on cell growth and BC productions depend on Acetobacter strains. In this study, it is clear that the amino acids in SCM are not crucial components to promote the BC production by A. xylinum ATCC 10245.
Effects of vitamins on BC production
Vitamins (3 µg/g biotin, 880 µg/g cholin, 0.4 µg/g folic acid, 30 µg/g niacin, 60 µg/g pantothenic acid, 3 µg/ g riboflavine, 7 µg/g pyridoxine, and 1 µg/g thiamine) were detected as constituents in SCM 20! . The modified HS media with different carbon sources were supplemented with vitamins in the same proportions as those of SCM and the BC yields were examined. As shown in Table 1 , supplements of vitamins to all culture media give the BC yields higher than those in the culture media without vitamins. Additions of vitamins into HSSG, HSSF, HSGF and HSSGF media based on that in HS standard medium extremely increase the BC yields to 160%, 210%, 144% and 126%, respectively. BC yield (210%) in HSSF medium with vitamins is similar to that (223%) in HSM medium. It is known that vitamins play an important role as cell growth factor and are essential for altering the metabolic pathway of bacteria 34! . However, BC production by Acetobacter A9 was reduced by addition of biotin, folic acid, pantothenic acid, riboflavine and pyridoxine to synthetic culture medium, especially when thiamine or nicotinamide were omitted from the medium 31! . It appears that vitamins in SCM seem to be essential factors for promoting the BC production by A. xylinum ATCC 10245.
Effects of other carbohydrates on BC production
Other carbohydrates such as 0.36% xylose, 0.36% arabinose, 0.20% inositol, 0.50% D-mannitol, 0.18% phytin, 1.80% uronic acid and 0.60% 1-O -methyl uronic acid were contained in SCM 20! . These carbohydrates in the same proportion as those of SCM were supplemented to the modified HS media as the carbon source, then their effects on BC production was observed. Most of the culture media decreased the BC production by A. xylinum ATCC 10245. The HSSF medium gave a little higher BC yield (186%). Xylose, arabinose and inositol were not suitable carbon source for BC production 13, 27, 30! . D-Mannitol improved 25, 27! or deteriorated 30! BC production by Acetobacter strains. These results suggest that these carbohydrates can improve BC production a little, but their effects depend on Acetobacter strains. In this study, some carbohydrates such as sucrose, fructose, and glucose are found to relate with increase in BC production of A. xylinum ATCC 10245 ( Table 1) .
Effects of minerals, non-nitrogenous acids and nucleic acid bases on BC production
SCM contains minerals such as 4.8% K2O, 1.2% CaO, 0.98% MgO, 0.10% Na2O and 0.12% Fe2O3/Al2O3, and a group of non-nitrogenous acids (3% aconitic acid, 0.5% citric acid, 0.5% malic acid, 0.5% mesaconic acid and 0.5% succinic acid), and very little amount of nucleic acid bases (guanine, hypoxanthine, 5-methylcytosine and xanthine) 20! . To investigate the effects of the substances mentioned above on BC production by A. xylinum ATCC 10245, the carbonates of minerals, non-nitrogenous acids, and 0.05% nucleic acid bases mentioned above were added into the modified HS media.
As shown in Table 1 , the BC yields in all culture media with the minerals decreased, so the minerals did not affect the increase of BC yields. Acetic acid, fumalic acid, lactic acid, malic acid, pyruvic acid and succinic acid were important substances for improving BC production by Acetobacter strains because these acids were incorporated into the pathway of tricaboxylic acid cycle of bacteria, then stimulate the cell growth and cellulose production 13, 30! , but most culture media with non-nitrogenous acids gave the negative results of BC Table 1 Comparison of BC production by A. xylinum ATCC 10245 in modified HS media ' production. The nucleic acid bases did not affect the BC production by A. xylinum ATCC 10245 ( Table 1) . Therefore, minerals, non-nitrogenous acids, and nucleic acids are not key substances of SCM for promoting BC production.
Synergetic effects of vitamins, amino acids and carbohydrates on BC production
Amino acids, vitamins and other carbohydrates indicated the positive effects on BC production ( Table 1) , however the BC yields were not still equivalent to that in HSM medium. So, the culture media with combination of vitamins and amino acids, vitamins and other carbohydrates, amino acids and other carbohydrates, and vitamins, amino acids and other carbohydrates were tested. The results in Fig.3 show that the BC yields in all culture media with the combined supplements decrease. Although many authors reported that vitamins and amino acids were essential components in culture medium for cell growth and BC production 30, 31! , our results showed that vitamin, amino acids and carbohydrates did not have synergetic effect on BC production.
Effect of black color substance of SCM on BC production
By the column chromatography using Amberlite XAD-4, SCM described in the section 2.4 was divided into the substance (treated molasses) of 89.47 g (dry weight) eluted with water and the residual BCS of 10.53 g (dry weight) eluted with methanol/H2O (1 : 1 v/v). The sugar analysis by HPLC indicated that the treated molasses contained 35 % sucrose, 10% fructose and 7% glucose, however, the BCS did not contain the sugars.
The BCS was added into several HSSF media, in which mixture of sucrose and fructose was used as carbon source, such as HSSF medium with vitamins, HSSF medium with amino acids, HSSF medium with vitamins and amino acids, and HSSF medium, and then BC productions were examined. As shown in Fig. 4 , the culture media using 6.26 % treated molasses as carbon source in place of 7% SCM gave 218% of BC yield which is similar to the yield (223%) in HSM medium. Namely, the treated molasses have mostly the same ability for BC production as the crude SCM. Addition of 0.74 % BCS into HS medium without carbon source gave the yields similar to that of HS medium without carbon source, it meant that BCS could not be used as a carbon source. However, BC yields were dramatically increased in HS medium (190%), HSSF medium with vitamins (229%), HSSF medium with amino acids (239%), and HSSF medium with vitamins and amino acids (234%), HSSF medium (255%). The BC yield (255%) in HSSF medium with BCS was the largest in this experiment. These results suggest that BCS isolated from SCM is the essential component for improving BC production by A. xylinum ATCC 10245.
The BCS was added into HS medium and HSSF medium in the range of 0.1-1.5%, then the BC yields were examined. The BC yields gradually increased according to the increase of BCS dosages (Fig. 5) . The BC production in HSSF medium was greater than that in HS medium at every dosage of BCS. The maximum BC yields (239%) and (276%) were observed in HS medium with 1.5% BCS and HSSF medium with 1% BCS, respectively. It is clear that BCS in SCM has strong effect on increasing the BC production by A. xylinum ATCC 10245.
These results obtained above confirmed that the essential components in SCM for promoting BC production by A. xylinum ATCC 10245 were the mixture of sucrose and fructose as carbon source and the BCS. The non-sugar components (colored substance) of SCM, which corresponded to the BCS were reported to be phenolic and phenylpropanetriolic glucosides which were originated from lignin in sugar cane during sugar manufacturing processes 32, 33! . Lignosulfonate, a group of . Although its mechanism has not been sufficiently elucidated, the BCS was assumed to have the effects similar to that of the lignosulfonate.
Now the chemical analysis and characterization of BCS, and the effects of BCS on metabolic pathways of BC biosynthesis are being investigated.
